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ART. XXVI.-On some Double Salts qf Lead Tetl'acldo'i'iile j 
by H. I.J. WELLS. 

THE existence of lead tetrachloride has long been surmised 
from the fact that the corresponding oxide, when dissolved in 
cold hydrochloric acid, gives a yellow solution in which suI· 
phuric acid does not give an immediate precipitate. Lead 
tetrachloride itself, however, has never been isolated, 1101' has 
any double salt which it forms been satisfactorily described. 

80brero and 8elmit found that when chlorine is passed into 
a solution contlLil1il1g sodium chloride and lead chloride, the 
liquid becomes yellow. They found it impossible to isolate 
the compound either by evaporation or cooling, so that they 
determined the lead, sodium and chlorine in such a solution, 
and found it to contain these constituents in the ratio corre
sponding to PbO}. +9N aOI. 80brero and 8elmi say that per-

* R. D. Irving HDi! C. R. Yan Rise: 1. c., p. 389-393. 
t AnD. Chim. Phys., III, xxix, 101. 
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haps this is the formula of the compound, but they put a 
question-mark after it. Their analysis indicates the existence 
of PbOI. in combination with NaOI, but if the solution had 
contained a compound of that composition, which was stable 
with watel', it probably could have been isolated by evapora
tion. The fact is that the double salts of lead tetrachloride are 
not stable with water, as will be shown in the pl'esent article. 
Therefore, since a large excess of sodium chloride must have 
been present in the solution of Sobrero and Selmi, their analy
sis could not have determined the composition of the double 
salt that it contained. 

Nickles* saturated a strong solution of calcium chloride with 
lead chloride and chlorine and analyzed the 8olution. He 
found it to contain lead, calcium and chlorine in the propor
tior.s represented by PbOI. + 160aOI.. In conclusion Nickles 
does not claim that any such double salt exists, but merely 
claims to have indicated the existence of PbOI •. 

In view of the fact that the formulre PbOI. + 9.N aOl and 
PbOI. + 160aOl, merely represented the composition of solu
tions, it is remarkable that they are given in some handbooks 
of chemistl'y as real chemical compounds. It may be men
tioned that Oal'l1egiet has used the formula PbOI •. 9N aOl in 
support of a theory on double halides. 

O. Seidel:!: mentions unsuccessful attempts to isolate PbOI. 
and its double salts with the chlorides of other metals. 

Fisher§ dissolved lead peroxide in hydrochloric acid and 
found that all the lead in the solution was precipitated again 
as peroxide by the addition of sodium acetate. He was evi
dently not aware of the fact that Rivot, Beudant and Daguinll 
had shown, long befol'e, that lead is completely precipitated as 
peroxide by the addition of sodium acetate and chlorine to its 
solutions. Fisher found that two atoms of chlorine were used 
(as would be expected) in precipitating one atom of lead as 
peroxide. His conclusion that his experiments showed the 
existence of lead tetrachloride has, apparently, little foundation. 

More recently, Ditte~ has made some experiments on the 
solnbility of lead chloride in solutions containing hydrochloric 
acid and chlorine. He apparently doel:! not believe in the exist
ence of lead tetrachloride, for he does not mention the com
pound, while he explains the precipitation of lead peroxide, 
when such solutions are diluted, by saying that lead chloride 
is partly di!;sociated by the act of solution, that the solution 
then contains oxide of lead, and that this is pel'Oxidized by the 

* Ann. Chim. Phys., IV, x, 323. 
t Jour. pro Cll., II, xx, 11l5, 18i9 
~ Ann. Mines, V, iv, 239, 1853. 

t Am. Chern. Jour., xv, 10. 1893. 
~ Jour. Chern. Soc., xxxv, 282, 1879. 
~ Ann. Chim. Phys., V, xxii, 566, 1881. 
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oxides of chlorine formed when chlorine is passed into the solu
tion. 

Nikolukine lIas succeeded in isolating double salts of lead 
tetrachloride with ammonium and potassiullJ chlorides. He 
showed that these compounds contain lead and extra chlorine 
in the proportion requit'ed for PbOI" but there is no evidence 
in the abstracts of his article* that he determined the composi
tion of the double salts. His original article in Russian is not 
accessible to me. Nikolukine pl'epared the compounds by dis
solving lead dioxide in concentrated hydrochloric acid in sealed 
tubes, and adding the alkaline chlorides to the solutions thus 
produced. He describes the double salts as having a lemon
yellow color, and states that they are pretty stable, the ammo
nium chloride compound being decomposed at 120°, 

The present investigation has been undertaken with the view 
of determining the composition of the salts which Nikolukine 
discovered, and especially in order to investigate the corre
sponding rubidium and cresium compounds, which, from anal
ogy, were expected to be more insolll ble and stable than the 
potassium salt. As a result, it has been found possible to pre
pare the whole series in a state of purity, and the expectations 
in regard to the easy preparation of the rubidium and cresium 
salts have been fully realized. The following salts are to be 
described: 

(NH.).PbCI: 
K.PbUI. 
Rb.PbCI. 
C~.PbCI. 

These salts are all yellow, and they all CJ'ystallize in the 
isometric system with an octahedral habit, 

These salts show a new relation between lead and other 
metals of Mendeleeff's gl'OUp IV, with which this type is very 
common, especially among the double fluorides, It is to be 
noticed also that this type is almost invariable among the 
double salts which tetrabalides form, for platinum, iridium, 
osmium and palladium give analogous, isomorphous com
pounds, while, as has been recently shown by Dr. H. L. 
Wheeler of this laboratory, tellurium gives an extensive serie!; 
of octabedml salts of this type. The octahedral form of the 
anhydrous salts of this type is very characteristic, and it seems 
to be universal, except among the fluorides. 

All of the lead salts to be described al'e decomposed by wat<:!r 
with the formation of lead peroxide. Chlorine is usually set 
free at the same time. It may be assumed that two sllccessi,e 
reactions take place, which may be represented by the follow
ing eqnations : 

* Berichte, xviii, 370,1885; Jour. Chem. Soc., L 123. 
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(1) PbCI.+2H.O = PbO.+4HCI 
(2) PbO.+4HCl = PbCl,+CI,+2I-J.O 

The extent to which the second reaction takes place depends 
upon the dilutiou and the temperature. If the amount of 
water present is not too great, a state of equilibrium is 
reached when a sufficient amollnt of alkaline chloride, hydro
chloric acid and chlorine have gone into solution, and the de
composition stops. The cresium salt is more slowly decom
posed by water than others. All the salts are decomposed by 
boiling with an excess of hydrochloric acid, but the decompo
sition of the cresium compound is remarkably slow, especially 
in solutions containing much cresium chloride. 

When free chlorine is present the cresium salt is almost com
pletely insoluble in strong solutions of cresium chloride and 
in hydrochloric acid. Although the rubidium salt is consider
ably more soluble, the difference is not great enough so that a 
quantitative separation can be made. It will be shown in the 
following article that cresium can be approximately separated 
from potassium, sodium and lithium by this means, and that 
when rubidium is also present the cresium can be approxi
mately determin.ed indirectly. 

The salts to be described can be washed with hydrochloric 
acid containillg chlorine. They are perfectly stable on expos
ure to the ail'. When heated in capillary tubes the ammonium 
salt begills to whiten at about 225°, the potassium salt at about 
190° and the cresium and rubidium salts at about 280°. This 
temperatUl'e for the decomposition of the ammonium salt is 
about 100° higher than that given by Nikolukine. It is prob
able that difference is due to a typographical error. 

Attempts were made to prepare corresponding sodium and 
calcium salts, without success. 

In analyzing the salts, lead was separated and weighed as 
sulphate, and, in the filtrate from this, the alkali-metal was 
determined as sulphate. To determine chlorine, a separate 
portion was decomposed by a solution of sodium arsenite and 
chlorine was determined in this as usual. 

Ammonium-Plumbic Uh.lol'ide, (.N H.).PbOl, :-In prepar
ing this salt, Nikolukine's method of using sealed tubes was 
found to be unnecessary. A solution of lead tetrachloride was 
made by adding slightly diluted hydrochloric acid to an excess 
of lead dioxide at 0°. This solution was quickly filtered 
through asbestus, and a satumted, cold solution of ammonium 
chloride in dilute hydrochloric acid was added until an abund
ant, yellow, crystalline precipitate was produced. The salt was 
pressed on paper, and then air-dried. 
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Found. 
Calculated for 
(NH,),PbCI 6 • 

Ammonium_____________ 7'90 
Lead __________________ H'61 45'39 
Chlorine ____________ . __ 46'53 45'71 

Potassi'lt1n-Pt'ltlnvic OMol'ide, K,Pbat. :-Chlorine was 
passed into a solution saturated with potassium chloride, lead 
chloride and hydrochloric acid at 00 , without producing the 
double salt. Nikolukine has stated that the salt is soluble in 
an excess of potassium chloride, and, acting' upon this sugges
tion, another solution was made, like the formel' except that 
no potassium chloride was used. On mixing about equal vol
umes of the two solutions and letting the mixture stalld at 0° 
for several hours, a well crystallized crop of the yellow double
salt was obtained. The air-dt·y salt was analyzed. 

Found. 
Potassium ___ ._ .. __ 15'30 
Lead. __________ . _ _ 41'91 
Chlorine _______ . __ . 42'49 

Calculated for 
K,Pbel •. 

15-70 
41'55 
42-75 

99'70 100'00 
Loss on heating _____ 15'07 CJ, 14'25 

The above method of preparation gives a small yield, and it 
would probably be better to use a method analogous to that by 
which the ammonium salt was prepared. 

Rllbidi1trn-Plll1nbic CMuride, Rb, Pb at,:-When fl5 g of 
rubidium chloride were dissolved in 250CC of water with 41: of 
lead chloride, no precipitate was produced by satumting the 
solution with chlorine, but, Oil adding an equal volume of con
celltmted hydrochloric acid to this solution, an abundant, yel
low, crystalline precipitate was produced. This was collected 
on a filter, washed with hydrochloric acid containing chlorine 
and air-dried. 

Found. 
Rubidium _ ___ ____ _ 28'li2 
Lead ____ ____ ____ __ 3..J.·98 
Chlorine _______ ' ____ 35'85 

Calculated for 
Rb2 PbCI,. 

28'93 
35'03 
36'03 

!)9'45 100'00 
Loss on heating _____ 12'41 CJ. 12'01 

A solution 35 CC in volume, made of equal volumes of 
concentrated hydrochloric acid and water, and containing 
·0619g of rubidium and double the theoretical quantity of 
lead cblol'ide was saturated witlt chlorine. A precipitate of 
the double salt was produced, wltich, after standing sevel'al 
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hours was c,ollected upon a Gooch filter. The rubidium in 
this precipitate was determined and found to amount to ·0318g• 

One cubic centimeter of the solution dissolved, therefore, '003g 

of the lead salt, equivalent to '00086g of rubidium. The ex
periment was made at about 20°. 

Oce8ium-Plumbic Ohloride, U9.PbOl. :-This salt is very 
readily prepared by passing chlorine into solutions containing 
lead chloride and a large excess of clesium chloride. When 
hydrochloric acid is present, the excess of cresium chloride is 
unnecessary, but in that case the precipitate is very finely 
divided. The precipitate begins to form in solutions that are 
nearly at a boiling temperature, A crop obtained without the 
use of hydrochloric acid was analyzed, It was washed with 
hydrochloric acid containing chlorine and air-dried. 

Cresium _ .... _ .. , .. 
Lead ..... _' ....... . 
Chlorine ... _ .. _ .. _ 

Found, 

38'5 t 
30'05 
30'99 

Calculated for 
Cs.PbCl., 

38'78 
30'17 
31'05 

99'55 ] 00'00 
LosfI on heating ___ . _ 10'96 CI. 10'35 

The salt usually has a lemon·yellow color, but, when very strong 
hydrochloric acid is used and a large excess of lead chloride is 
present the precipitate has a dark brown color. Snch a crop 
gave the following analysis: 

Cresium __ .. ______ . 
Lead . _ .. _ ... _ . _ . _ . 
Chlorine ________ . __ 

Found. 

38'19 
29'64 
31'35 

Calculated for 
Cs.PbCl., 
38'78 
30'17 
31'05 

99'18 100'00 
Loss on heating ____ . 11'09 Cl, 10'35 

This is evidently the same compound as the lemon-yellow salt. 
The cause of the brown color is not known. The presence of 
lead dioxide -in it does not seem probable on account of the 
stl'()llg acid that was used, and, moreover, experiment showed 
that this oxide was instantly dissol ved 
by the mother.liquor. It was suspected 
that this was a dimorphous form of the 
compound, but Mr. Louis V. Pit·ssuu, who 
has kindly made a microscopic examina
tion of both products, has found that 
both are isometric and octahedral in 
habit. He noticed that while the vel
low salt forms perfect octahedrons, "the 
brown compound occurs in octahedral 
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groups composed of combinations of the cube and octahedron. 
The accompanying figure, by :MI'. Pirsson, shows the prevailing 
habit of these crystals. The gronps are very small, usually not 
over O'015mm ill diameter. 

Sheffield Scientific School, March, 18n. 




